Introduction
Carbon monoxide poisoning continues to be a major health problem worldwide, especially in developing countries. 1 It constitutes an important part of those patients who are admitted due to poisoning to pediatric emergency clinics. 2, 3 Especially during the winter months, coal stoves which are not adequately maintained, fires, and water heaters are the most common sources. Carbon monoxide rapidly binds to the iron atom in the hemoglobin structure when taken into the body and forms carboxyhemoglobin (COHb). 3 Although all organs in the body can be affected, brain and heart are affected most. 4 Myocardial ischemia, tachycardia, or bradycardia and hypotension may occur in the cardiovascular system. Electrocardiography (ECG) findings include dysrhythmia, T and ST segment changes. [5] [6] [7] In the central nervous system, complaints can be seen in the spectrum ranging from headache to coma. Rarely, rhabdomyolysis and renal insufficiency can be seen clinically in severe cases. 8, 9 Diagnosis is based on medical history, physical examination, and COHb level. Hyperbaric oxygen therapy (HBOT) can be applied in severe cases in addition to oxygen and supportive therapy. 10, 11 Although extensive studies have been carried out on patients who were admitted to adult emergency clinics, the general literature is very limited in children.
In this study, we aimed to evaluate the correlation between clinical severity, morbidity, length of hospital stay, intensive care need, and full systemic effects, especially cardiac and neurological toxicity, and laboratory parameters in patients who were followed up and treated for carbon monoxide poisoning in our pediatric emergency clinic.
Materials and Methods
The study was performed prospectively and was approved by Erciyes University Ethics Committee (2014/510). The study was commenced in 1 January 2013 and completed in 22 January 2015. The patients were diagnosed and identified according to history, physical examination, and laboratory analysis, and were then included in the study. Patients who could not be diagnosed clearly, whose history was incomplete or suspicious, and who did not meet the poisoning criteria were excluded. All patients who were diagnosed with emergency carbonmonoxide poisoning or diagnosed in the emergency room were included in the study. Patients, who received treatment at another clinic, who had chronic diseases, and who died, were excluded from the study. Symptoms, physical examination findings, vital signs and oxygen saturation values were recorded. The duration of hospital stay was recorded for each patient. When this period was calculated, the time that the patient was followed in the emergency room was taken into consideration.
Similarly, tests to determine complete blood count, liver and renal functions, serum electrolytes, creatine kinase, creatine kinase-MB (CK-MB), troponin, and COHb levels as well as ECG were performed in all patients. Reference values are based on institutional biochemical laboratory references. According to GCS, it was determined whether there was a need for followup in the intensive care unit. All patients were followed closely by monitoring their vital signs.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) version 21.0 was used for data analysis. Mean, median and standard deviation values were calculated by using recorded patient data. The Kolmogorov-Smirnov test was used to determine whether the dependent variables were normally distributed. The Mann-Whitney U test was used for the analysis of two independent groups which did not have normal distribution. The linear relationship between two continuous variables was analyzed using the Spearman's Rho test. The chi-square test was used to evaluate the relationship between two categorical variables.
Results
A total of 232 patients in various age groups (1-192 months) were enrolled. The mean age of the patients was 83.58±55 months. One hundred and five (45%) patients were female and 127 (55%) were male. A total of 198 patients (85%) were recorded as poisoned due to improper or incorrect use of a coal stove, 28 (12.5%) were poisoned by a fire, and 6 (2.5%) were poisoned due to other sources such as water heater and others. There were no statistically significant differences in the liver, kidney, and other biochemical parameters of the patients. The mean duration of hospitalization for 232 patients was 7.08±2.1 hours. When epidemiologically evaluated, 20 (8%) of 232 patients applied to health facilities in the rural area and 202 (92%) patients applied to health facilities in the urban area (Table 1 ). The mean duration of exposure to carbon monoxide gas was 3.17±2.5 hours. Significance score was calculated as p<0.01 of the correlation applied in terms of whether patients who had a longer carbon monoxide gas exposure had higher COHb levels (correlation coefficient r=0.780). This value shows that the COHb level was statistically significantly higher in patients exposed to carbon monoxide gas for a longer duration (Graphic 1). The correlation between the duration of exposure and troponin positivity was also significant (p<0.01).
Statistically significant results were obtained during the analysis in terms of dysrhythmia in patients with a longer carbon monoxide exposure (p=0.03). Similarly, in patients with longer exposure to carbon monoxide a significant relationship was found between intensive care need and GCS score (p=0.02 and p=0.04, respectively).
All patients followed up in the emergency room were followed for a minimum of 6 hours and a maximum of 96 hours (for an average of 7.08 hours), depending on the severity of the poisoning, in terms of the possible toxic effects of carbon monoxide. The average COHb levelwas 17%±12.6.
The reference intervals were taken as 0.3-0.7% and the patients were evaluated according to COHb levels. When assessed according to increase in COHb levels, 25 (10.8%) patients were in the normal range, 164 (70.7%) were in the 0.7%-30% range, and 43 (18.5%) patients were in the above 30%. At the first physical examination of 232 patients, 189 patients (81.4%) had a GCS score of 15, 37 (15.9%) had 9-12, and 3 (1.3%) patients had. [3] [4] [5] [6] [7] [8] The number of patients with impaired vital signs and requiring intensive care was 3 (1.4%). In these 3 patients, the GCS score was under 3.
When high COHb levels were evaluated to determine whether they affected GCS scores, no significant relationship was found between GCS score and values above the reference or the levels that gave rise to severe signs in the Tests to determine creatine kinase, CK-MB and troponin levels were performed in all patients. The reference values for all parameters were based on local laboratory values. Normal ranges were ≤171 U/L for male, ≤145 U/L for female, 0-25 U/L for CK-MB and 0-0.04 μg/L for troponin. Twenty-eight (12%) patients were high in all three parameters. The CK-MB level was high in 120 (51.7%) and troponin T value was high in 28 (12.1%) patients ( Table 2) .
No significant correlation was found between patients with increased COHb levels in terms of CK-MB elevation (p>0.05). There was a statistically significant difference between dysrhythmia and high level of troponin (p=0.015). The Pearson's correlation coefficient between these two variables was calculated as r=0.658. Troponin levels were statistically significantly higher in patients with high COHb levels (p=0.008) ( The median value of the creatine kinase test was calculated as 103 to evaluate the effects of muscle carbon monoxide on involvement and rhabdomyolysis. Since there were patients with extreme values in these calculations, the mean and standard deviations are not given. There was no significant relationship between COHb at high levels for rhabdomyolysis (p>0.05), however, CK levels were significantly higher in patients with high COHb levels (p=0.003). When evaluated in terms of neurological symptoms, there were 36 (15.5%) patients with confusion and 35 (15.1%) patients with headache. Three (1%) patients were in coma and were followed up in the intensive care unit. The rest of the 158 (68.1%) patients did not have neurological symptoms. A statistically significant correlation was found between a high COHb level and the incidence of neurological symptoms (p=0.047). Neurological sequelae were not seen in any patient in the long-term follow-up.
Discussion
The etiologies of the patients presenting to emergency departments vary because of the variability in socioeconomic levels and lifestyles in each region of the world. In 2008, Cho et al. 12 conducted a 10-year retrospective analysis of 30 patients in a limited population in Taiwan. They reported that 53.3% of the patients had poisoning caused by hot water heaters. In our study area, the use of stoves for heating in the winter is quite common, thus, poisoning resulting from the use of stoves constituted the most common etiology in our study. A study by Raub et al. 13 published in 2000 about carbon monoxide poisoning reported that the most common cause of poisoning in the United States was motor vehicles and industrial gases. This difference is directly related to the level of socioeconomic development of the countries. For this reason, coal-related poisonings are much less common in industrialized countries such as the US than in other countries 13. In 2011, Yurtseven et al. 14 16 in 2006, a cut-off value of over 30% was taken for severe clinical picture. Similarly, in our study, because serious neurological symptoms arose, the cut-off value was 30%. 15 The number of patients over this value was 43 (18.5%). The COHb value was found to be over 30% in 27 of 36 patients who were detected to have confusion on admission as a clinical manifestation. As COHb levels increased, there was a statistically significant increase in neurological symptoms (p=0.047).
According to the evaluation of the levels of oxygen-free saturation measured at the time of admission, we concluded that an increased level of COHb did not significantly affect saturation level (p>0.05). However, the pulse oximeter we use works according to the Beer-Lambert law and the light is not absorbed outside a certain wavelength, but COHb absorbs the wavelength of the light that the device is working on. Therefore, the measured normal values do not always reflect the true value. 16 Carbon monoxide poisoning causes cardiac damage ranging from mild to severe. 17 Dysrhythmia, T wave abnormalities, and ST segment changes are the most common findings. 18 In a study by Deniz et al. 19 in 106 patients, T wave negativity was found in 11.3% of cases, sinus tachycardia in 26.4%, ST change in 10.4%, and normal ECG in the remaining 66%. In a prospective study by Ozyurt et al. 20 in 22 patients, prolonged Qtc interval was detected in the group with poisoning compared to the control group but no dysrhythmia was observed. In a 3-year prospective analysis of the pediatric Seçilmiş and Öztürk Pediatric Carbon Monoxide Poisoning 21 ischemic changes were not detected in any of the patients while sinus tachycardia was detected in 30.5% of 131 patients. In all three studies, transient echocardiography findings without sequelae were found. Similar to these studies, we found sinus tachycardia in 20% of all patients in our study. Since dysrhythmia and the other ECG findings returned to normal after discharge with full clinical recovery at the end of the follow-up period in the majority of the patients, echocardiographic assessment was not performed. In long-term follow-up, no permanent cardiac damage was seen in any patient. When patients are assessed for myocardial injury, troponin T value is a more sensitive test for assessing myocardial ischemia and related damage compared to CK-MB value. 22, 23 In a retrospective study involving 141 patients by Huysal et al. 24 troponin levels were found to be statistically significantly increased in patients with higher COHb levels than CK-MB. As troponin was more significant in terms of cardiac damage, increased COHb levels were considered as having a stimulant effect in terms of cardiac injury. In a study by Kalay et al. 25 in a limited patient population (20 patients), a positive correlation was found between high COHb levels and elevated cardiac enzymes. Similarly there was a correlation between increased COHb and myocardial injury in our study (p=0.008). When the ECGs of patients with a high troponin value were examined, it was found that tachycardia was statistically significant in terms of development of dysrhythmias (p=0.015). On the other hand, the study of Kalay et al. 25 found a significant relationship between higher COHb levels and cardiotoxicity in patients exposed to carbon monoxide for longer periods of time. In our study, we found that as the duration of exposure to carbon monoxide gas increased, both COHb levels and cardiotoxicity increased and neurological effects were more common.
Since there are not enough studies in the literature in both adult and pediatric patients, a comprehensive evaluation and comparison could not be made.
The patients were assessed in terms of general parameters such as general condition, vital signs, full consciousness and awareness, GCS, and COHb levels before discharge. The average COHb level before discharge was 1.25%. No statistically significant difference between was found in patients with high levels of COHb (30% and above) and duration of hospitalization and intensive care need (p>0.05). Therefore, the baseline level of COHb was assessed as having no effect on the duration of hospitalization or the need for further treatment. In contrast to the data that we found in our study, Chang et al. conducted a study including 81 patients between 2002 and 2010 and reported a significant relationship between COHb levels and morbidity and mortality rates. Twenty-five percent of patients had HBOT and their baseline COHb levels were found to be statistically significantly higher compared to conventional treatment subjects. 26 In our study, 3 (1.2%) patients were followed up in the intensive care unit and these patients did not have a significantly higher COHb level compared to the other conventional treatment group. These 3 patients received conventional mechanical ventilation therapy and all three recovered without sequelae without taking HBOT. In their 3-year study, Icme et al. 27 found that COHb levels were higher in patients who had a GCS score below. 15 As a result, a negative correlation between COHb and GCS was found. 27 In their retrospective study including 173 patients, Grieb et al. 28 reported that there was a negative correlation between COHb levels and GCS; they found that the neurological status of the patients improved with the elevation of COHb levels or increased GCS scores. Our study used an objective criterion such as GCS and, unlike these two studies, no significant relationship was found between the COHb levels and GCS.
Study Limitation
The limitations of our work include its single-center nature and possibility of some missed patients.
Conclusion
As a result, carbon monoxide poisoning is still an important cause of admission in pediatric emergency clinics in developing countries where coal and similar fuels are used for heating.
In our study, we found that the most important parameter to assess the prognosis and morbidity in children was the duration of exposure. Taking into account the clinical features and laboratory findings of children who were exposed to carbon monoxide poisoning, we found that the duration of exposure was the most important and accurate parameter for the evaluation of clinical course and morbidity. However, it was found that high COHb levels (especially above 30%) increased cardiac injury and neurological symptoms but did not cause permanent sequela.
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